Regulation of pH by the M2 protein of influenza A viruses.
Inhibition of the function of the M2 protein by amantadine can cause a conformational change in the haemagglutinin (HA) of H7 influenza A viruses and the consequent expression of the low pH form of the glycoprotein on the surface of virus-infected cells. Immunofluorescence studies showed that this conversion occurs shortly after HA exists from the Golgi complex apparently during its transport through the trans Golgi network and using the pH probe, DAMP/anti-DNP, that it is the direct result of reduced vesicular pH. The lowest pHs encountered were estimated using mutant HAs differing in pH stability to be approximately 5.2 and 5.6 in virus-infected CEF or MDCK cells, respectively, in the absence of functional M2. Depending on the particular M2, this protein was responsible for increases in vesicular pH of up to 0.8 units. The influence of mutations in both HA and M2 on the maturation of native HA illustrates the important relationship between the structural and functional properties of these two proteins. Using the fluorescent probe SNARF-1 the M2 protein was also shown to be largely responsible for the 0.3-0.4 unit reduction in intracellular pH of virus-infected cells. The data thus provide further evidence for the pH regulatory function of M2 and its importance for the maturation of the HA glycoprotein.